In this paper, the mechanical buckling load on a simply supported plate made of Functionally Graded Materials (FGM) with linearly varying thickness is considered. The material properties are assumed to vary as a power law though the plate thickness. Based on higher-order theory assumptions, the equilibrium, stability equations and the relations for pre-buckling loads of the plate under mechanical load are obtained by using a variational formulation. The equations are based on Love-Kirchhoff hypothesis and the Sanders non-liner strain-displacement relations. The closed form solution for the buckling load is obtained and the result is verified against known case i.e. a plate with constant thickness. The buckling load is derived by employing the weighted residual approach. Finally, different plots indicating the variation of buckling load vs. different FGM materials, geometries and loading conditions were obtained.
Introduction
Buckling of plates is in most cases an undesirable and harmful phenomenon. Therefore, by accurate calculations and necessary predictions in design, bending must be avoided. It is possible through a complete understanding of the mechanical behaviour, the boundary conditions, and the type of the Functionally Graded Materials (FGM).Such Functionally Graded Materials are composite materials (e.g. metal and ceramic) with varying properties through the thickness. They have thermo-mechanical properties which vary through their thickness and were first conceived by a group of researchers in Japan [23] .The main advantage of such materials is the possibility of tailoring the desired properties. Obviously, FGM's can be used in a variety of applications which have made them very attractive. For plate stability, the influence of critical buckling load is most important in design. The computed buckling load depends upon the criterion used to define buckled state of the plate.
Theories of plates and shells have already been applied to high extent, and there are many text books available, such as [1] [2] [3] . Later on, the concept of FGM was proposed in [4] and [5] .
The main advantage of Functionally Graded Materials is their high resistance to environments with extremely high temperature and extreme changes in temperature. Ceramic due to low thermal conductance constituents causes resistance to high temperature. One of the main functions of Functionally Graded Materials is the use in power reactors, electronic and magnetic sensors, medical engineering of artificial bones and teeth, chemical industry and all new technologies such as ceramic engines and (as) resistant covers and protection against corrosion.
Chi and Chung [9, 10] examined the mechanical behavior of FGM plates under transverse load. Najafizadeh and Eslami [14] studied the buckling behavior of circular FGM plates under uniform radial compression. Shariat and Eslami [16] investigated thermal buckling of imperfect FGM plates. Huang and Chang [13] carried out studies on corner stress singularities in an FGM thin plate. Nonlinear analysis, such as nonlinear bending, nonlinear vibration and post-bucking analysis of homogeneous isotropic or FGM plates and shells can be found in the articles by Sundararajan et al. [17] , Chen et al. [7] , Hsieh and Lee [12] and Ghannad Pour and Alinia [11] . Further research can be found in the articles by Navazi et al. [15] , Woo et al. [18] , Chen and Tan [8] and Li et al. [20] .Morimoto et al. [19] and Abrate [6] noticed that there is no stretching-bending coupling in constitutive equations if the reference surface is properly selected. Classical nonlinear laminated plate theory and the concept of physical neutral surface are employed to formulate the basic equations of the FGM thin plate. Da-Guang Zhanga and You-He Zhou studied functionally graded materials as thin plates in 2008 [27] , whereas Wu [21] has examined the effect of shear deformation on the thermal buckling of FGM plates. Chen and Liew [22] have examined the buckling of FGM plates subjected to in-plane edge loads. Salonitis and Pandremenos [27] have investigated the multi-phase and multifunctional material which is considered the various multifunctional materials reported in the literature and the processing means developed.
The above results show that critical temperature differences for the functionally graded plates are generally lower than the corresponding values for homogeneous plates. They used classical plate theory for the buckling analysis of functionally graded plates under in-plane compressive loading. A functionally graded plate made of a mixture of metal and ceramic is considered. The material properties are gradually varied from bottom surface pure metal to top surface pure ceramic where can be shown a section of the plate in Figure 1 .
In the present article, equilibrium and stability equations for the functionally graded plates are obtained on the basis of higher order shear deformation plate theory. Resulting equations are employed to obtain the closed-form solutions for the critical buckling loads. In order to establish the fundamental system of equations for the buckling analysis, it is assumed that the non-homogeneous mechanical properties are given by a power form of the special coordinates.
Functionally Graded Material Plates
Functionally graded materials (FGMs) are typically made from a mixture of ceramics and a metal or a combination of different metals. The ceramic constituent of the material provides the high temperature resistance due to its low thermal conductivity. The ductile metal constituent, on the other hand, prevents fracture caused by thermal-stresses due to high temperature gradient in a very short period of time. Furthermore, a mixture of a ceramic and a metal with a continuously varying volume fraction can be easily manufactured [24, 25] .
The volume fractions of the ceramic c 
z is the thickness coordinate ( -h/2 z h/2 ), h is the thickness of the plate and k is the power law index which takes values greater than or equal to zero. The variation of the composition of ceramics and metal is linear for k =1. The value of k equal to zero represents a pure ceramic plate. The mechanical and thermal properties of FGMs are determined from the volume fraction of the material constituents. We assume that the non-homogenous material properties such as the modulus of elasticity E change in the thickness direction z based on the Voigt's rule over the whole range of the volume fraction, while Poisson's ratio is assumed to be constant as:
Buckling Analysis
Imperialist Consider a plate made of functionally graded material with simply supported edge conditions and subjected to an in-plane loading in two directions, as shown in Fig. 2 . To obtain the critical buckling loads (6) where R is a non-dimensional constant. The resulting equation then may be solved for a series of selected values of R. The simply supported boundary conditions are defined as,
The following approximate solutions are seen to satisfy both the differential equations and the boundary conditions 
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The value of the deviation is found as . 100 P P P T T C (13) The critical buckling load xc F is obtained for the values of m and n that make the preceding expression a minimum. The plate is subjected to the biaxial compression, when R is selected to be positive. The plate is subjected to the uniaxial compression along the x axis, when R is equal to zero. Negative values of R signify tensile loading in the y-direction while the plate is under compression along the x-direction. As would be expected on intuitive grounds, the addition of a tensile load in the transverse direction is seen to have a stabilizing influence. By setting the power law index equal to one (k=1), Eq. (11) is reduced to the critical load for a functionally graded plate with linear composition of ceramics and metal. Also, by setting the power law index equal to zero (k = 0), Eq. (11) is reduced to the critical load of homogeneous plates.
Numerical Example and Discussions
To illustrate the proposed approach, a ceramic-metal functionally graded plate is considered. The combination of materials consists of aluminium and alumina. The Young's modulus for aluminium is m E = 70 GPa and for alumina is c E = 380 GPa, respectively. The Poisson's ratio is chosen to be 0.3 for both. The plate is assumed to be simply supported on all four edges.
Variation of the critical buckling load xc F versus the aspect ratio b/a, side to thickness ratio b/h, and power law index k are inserted for three loading cases in Table |1| through Table |3| . In each table, the values of critical buckling load Table |1| shows that the buckling load increases by the increase of the aspect ratio b/a, and decreases by the increase of the power law index (k) from zero to 10.
The critical buckling loads obtained based on the higher-order plate theory are noticeably greater than values obtained based on the higher-order shear deformation theory. The differences are considerable for long thin plates where for example an improvement of 12% can be absented (k = 10, b/a = 10).
In Tables |2| the results of the buckling analysis for the plate under uniaxial compression (R=0) are presented. It is concluded that similar to the previous loading case, the buckling load increases by the increase of the aspect ratio b/a, decreases by the increase of the power law index (k), and decreases by the increase of the dimension ratio b/h. Also, the critical buckling loads obtained based on the higher-order plate theory are noticeably greater than the values obtained based on higher order shear deformation theory. The differences are considerable for long and thin plate, e.g.10% improvement fork = 10, b/a = 10.
In Tables |3| the results of the buckling analysis for the plate under compression along the x-direction and tension along the y-direction (R=-1) are presented. The trend is similar to the previous loading cases. Comparing Tables |1|  with Table |2| show that the critical buckling loads for the plate under uniaxial compression are greater than the plate under biaxial compression. This conclusion can be obtained when analysis is based on classical or higher-order theory. It is understood that the third order shear deformation (T) is much closer to the first order shear deformation (F) theory in comparison with the classical plate theory. Comparing Table |2| with Tables |3| show that the critical buckling loads for the plate under compression along the x-direction and tension along the y-direction are greater than the plate under uniaxial compression. This conclusion can be obtained when the analysis is based on the classical or higher order theory. Although the results of the first order and the third order theories are close to each other, it is recommended that one uses the third order shear deformation theory for thin plates. 
